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* K, IZFH&,
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(FRIRSR SR 5 TR B, #iF Kb 410083)

W OB B IRE R AR S5 G N, I P B ARG 6 B Sxikl, 0 #T T HAL 2241k
KAl e HAGR AT AT THF5E. 450K, Fa5E 7 NaySO; M1 NapSiOg K KB T i MEAR IR B/ iR, Bk
SEFMEE I8 K, BRIR I RSB A, 110 H NapSiOs SHhs i it IR (s 8 RO W BT NaySOs, 24 NapSiOg W
0.3 mol/L I}, GRMRIIZESH 72.5%8% 55 33.8%. kFALM N IE Ak E SRR 4 MR AL, Bk R IR R R b
YR AT JE YA EARTC AL, FTIE B & ) P38 & R FEg A i, (R pH (L th 12.5 fRREE M, (HERE
7] NagSiOs BE4EFF A A 1 pH (HAE 12 A7, HA TR BT, BERIRA R A 4 B iR RN T 0.1%, 74
B BERERE. PRI RE AR A F YA 2 Sio, KA, BE&REIE 82.68%, AARPEGTIK

JRIH R T8 4 A =R AL T — s MBS M.
LER. BRPERRIR: SRR, SR, REeX
hESES: TFS01 XEMFIRAD: A

1w &

H 1941 4o kIIERRIRIGE & Lok, GilR1EAS—
FIICREIIR AR, 5230 T 5% BT 5084 A i
ML, SRR A BER f T 2T T — R4t 4
CURE R IRIE S 5, 2 R BRIEN B, — Bk
N, BBRAERNE A B R AR, LT HELLR 40 4%
1117 » Chai 20U Bl M i IR 5 43 0E 17k R A0 VRN BT T,
HIAL 22 5T R L NapSOs, NaySiOs REFIHIHR P % IR (1) A
R, IR S IR R A 7 < R s P
W ASEPR A BIR B 5%, R ML R B
RO ARG AR, WA SR . B s TR
APRAEEHE UG, AR L7 T dkaE. Rk, XA
[ IAE R AR IR A4 R rf IR AT M AT, 49 0
PEGR IR SRR R B G b v, K B
B R A AR T

h 2 SRR AR IR A R AN () 28 B 38 H T 3 Y
PE, AWFSOER T BACHE AR E Y 6 Rl Sk, a8
T ILAGZE L BB AR, R ICAT e e P el o DR A
A RYERIRAR R ST A R T IR AT AT T L
BT, DU BB IR 0 N T P R G A1
—EMTRS.

2.1 EFETMHLFHEMN
AW SRS BT I AL A R 1 P,

Ig¥5 BHEA: 2004-06-10, f&[E HHER: 2004-07-22
EEWHE: HxAREEEREES I H @i : 50004009)

NERS:

1009-606X(2005)03—-0289-06

HRH TWIT B AL SR Ak 2 U enT S, MEBRAG 42
FEW AR, A KRR, JLUChEE, BRI
TR RARRT R, Ag IS RS Au R0 17.6 fif. 27
FN 3% 53 hy 5 AR VR I GRS B LR, AR ALy
TR e e T oy L R Y S Pt T iy
o8 15.10%, Bi&Eh 17.21%. 2 Sio, & ER %,
539K 22.30%F1 24.89%, LKA AlOs, 1K 4.52%,
MG B BT B WA D, e P A B ) 3 42
JRDRZ B R ATRL A, - AL TR . SR SR
b, B0 LAES 1 TE XA TR0 1 A%t (RI A
&), T AR A . BAR HECR A T Rl A i
i C20he, RO EE, B ACRAGE, Kb
TS A 7.8%00R, JFLARB . Fey S & Fey S M
FeS, S AAFAE. TN SR RERE TR
W, DL RGX B R AE AR 2 R BT RE R R 4
AF, DRI AR 7 A IR B K Tl AT 2 5 b BB AR
G IR AR, A AL SRS R v R Bt B A 1k
AT 5 BT 22 A A A0 A R AR S (A, e e B
RIS, N 2%~3%, (HILEH NEE, Sty
REFLRTR S TNk, R e R B AR, 5PR 674
HH R EIR ) SR S, A A B R
S AT 26.4 git, SRS Y. Bk RS REIAR
i, HEZUSE . S0 . B SEY)
A, @ WERBRFESAHET iRy b, 55yt
Az, IFLAMORL. B RORLIRAS BB B, A B,
Sy, AELLE e B R, R T
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AeBE G R RGO, RINBIRILRT bE . BRI AN
MR, AEAA B B K IR L S B IR £
BHA AN, mAFRIZ I STei Bk N4
BRI, AN, Rb b, IS RGP, eEE

HH 26.4 g/t 32 = 21 33.0 g/t, Al & & 97.3 g/t 12 =1 £ 107.6
glt, M S &8y 27.87%M4K % 2.38%. LAl 4 )a
Wi Pb, As, Zn 2 AL EE O ARR 25, Wik, nI7EREK
FLRE R 4 iig R 020

R SRHT B R LFER

Table 1 Chemical compositions of gold concentrates and calcines studied (%)

1" 2 3* 4* 5" 6"
Element  Content Element Content Element Content Element Content Element Content Element  Content

Au 57.8 Au 56.58 Au 116 Au 51.4 Au 26.4 Au 33.0
Ag 1020 As 15.10 As 0.29 As 2~3 Ag 97.3 Ag 107.6
Cu 0.62 Fe 22.30 Fe 40 Sio, - Cu 1.39 Cu 1.14
Pb 0.47 SiO, 24.89 S 7.8 Fe - Pb 4.9 S 2.38
Zn 1.37 Al,O3 452 Sh 0.006 - Zn 1.21 Fe 32.64
Fe 31.10 Mg 0.1 Cu 0.1 - - As 0.18 SiO, -

S 38.20 Pb 0.087 Zn 0.08 - - Fe 29.80 - -

- - Ni 0.05 Ti 0.75 - - S 27.87 - -
- - Ca 0.1 Sio, 28.6 - - SiO, - - -

- - S 17.21 Al,O3 5.48 - - - - - -
- - - - Ca0 0.27 - - - - - -

- - - - Pb 0.019 - - - - - -

Note: The content unit of Au and Ag is g/t.

2.2 TREH

BRPEBIRE: & T 24 EM 210wk 0.1 mol/L,
FasE 7] NapSiO; 0.1 mol/L, AL F AL 21 0.05 mol/L,
pH 12.5, & IHIN(A] 4 h.

SR SCHRP PR, AWFTOE R IR YRR A R i
ST 2400, Hillk 10 g/L, H,SO, 0.1 mol/L, Fe* 3
o/L, JUFGHRERYE pH & 1.5, R 4 hy FALPA
ARG T L% 4: NaCN 0.5 g/L, H,S0,0.1 mol/L,
FSAALAS T pH 4 10, 2 HIE 12 h,

SRR AR R I A A L 28°C, I L
10:1, [EAHE 25 g, KA EAE 5 em [ A (Pt 4T
e, 3 500 r/min,

3 ERGUW®
3.1 EF

hy o IR R T B DR 8 4 ok A7 A PR e A, AT T IR
FHTPEB IR BOE PSR 4. AR, BRIRAEDR A Vi
AFE, GRS, ik, MGRIRTERR
PEA BT IAE TEAN T, AT T dikg3iag . Wik T
ZE5E, KL NapSOs, Na,SiOq(FeE )4 — e FEfE LR
B R R P AN T 3 G A (L ] 1),

H P LAE R JoAssE R, Bt/ pd
TR IR (K1 232 (r)IE 72.5%.  HIN AN 1) i B JIR 43+ o5
7254k T B B ), NapSO5 Al Na,SiOz KK FRAK T it
BRI 3 iR 2, BEAE AT AR B2 () MR K,
(1) 53 A 2R B BR300 R I N ASE Bl 2 1 JOR 1 e ik

BERE, M H Na,SiOs Xk A2 /E L Na,SO;,
WO, NagSiO ¥kl 0.15 mol/L I, IR 143 fi%
%4 51.3%, NapSiOz #< &4 0.3 mol/L I, it IR 1 43
K% 4 33.8%.

70 - D\O

60 - E\Z\O\o
L —oO.

g sl \D\ ©
40 L Thiourea 0.1 mol/L, temperature 25 ‘C
—0—Na,Sio,
[ —0—NaSO,
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¢ (mol/L)
B 1 T TSR BT A O 2 78 4 14 5% 1
Fig.1 Influence of stabilizing reagents on the
decomposition rate of alkaline thiourea
3.2 |HH
Au™7E B R VE W BE T R 15 [AU(SC(NH,)2),] "
FObRAE AR FRFAN

[Au(SC(N H2)2)2]++e:AU+28C(N Hy),, E,=0.38 V. (l)

T IR AE B PRI b o S8 A A 0 R B, TR W AR F 3
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(SCN,H3),+2H"+2e=2SC(NH,),,

H1 T30 () A1 (2) Haox bt i AR L 9 U R, 7
RN, LA T AN AR, R
GG, R AR A IRR A AR S
UKL ERIRET . UCRIREN . RRIREIAE, WRIRIRAES
S, TG R, (BT AR FERT AN, SR AR 4
AT D 23 A0 IR AR, R AR AE K R PRV R AR /DN (8.2
mg/L), BRPEW B A i HA R T R S A AR =
Mekdh. BT Fe (ERME A S R A KR, TOARE
VERRPERTIR S G (G, Jut, o 3k P rEsT AR
B A R A ARSI, LRI
e Je T 2T, PLIEAFE] T 8 A s ki 8 A 4
TR AL I,

3.3 &fW BBRRHAIE EZMEEN

N 25 L FITRIEGE e RGBT RV A 1) 5 S AH 2 R ik
PEGUIR I 3 P R AR KR, X 6 R4 S s 1)
BT T XRD 234, 45 R W&l 2 pros. dr & - Hrng

E,=0.42 V. (2)

40

A, 2 AT 1R B4 FeS, Ml FeS, FAMNESAT
/DL S F FeSO, 7TH,0; B G & XS 15 LA FeS, A
T, FeS04 THO MIAFEAEAE. = HIRT 2" £ B4 il SiO,,
FeAsS, Kk FeS, K&/ & CaMgSi,0g-14H,0; =it
Ja v LT W L) FeS, U, H. FeAsS (1l i 3%
T, 3K B KA SiO,,  FLURCK A EVEI AR
X4 FesO,, Fe 05 A 22 i L5 2R ) FesSes R
SRR, (BAE 204 271 SiO, g ] 0, 4*
FERI N SiO,, BRI FeS, M1 S B A A
FEATAA, (BFE 200 27 SiO, [k H s, 573
B BN o—-SiO, Fl PbS, i17 /b &1 FeS, Al KAISi;Og;
B G SO, [ INEE, PbS WSS , PAHE AR AR,
6" 1) - 224 B K a—-SiO, Fl Fe,05; WS WIAH AR 1k,
SiO, MU RIS

o EIRAHT AR, BB IRA R 1, 20 iR
TR A, T AR I WA T S A
AT, HIE R A R (R I SR A N i R g9

1* - Fes, o .
+ SiO, r |
x ASS | J sio,
- o Fe,SO,7H,0) . Fes,
o After I o FeAsS J sio,
mO { leaching L | A Fe,0,
5 il T
X
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< r vl oA
2 o _
2 40 L o . J Afber IeJachlng R
9] ||
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Fig.2 XRD patterns of six kinds of gold concentrates and calcines before and after leaching
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JUFik b, BRI 5 g/L §45E 71 NapSiO,, 6 Ffiik %
(1) pH 873 5] BT, 4SRN 2 h, fRRI pH {EAR L E
AR G, FEAARARAE 11~12 2 J0). FAERCE
RUIIAASE ) NapSiOss N IFURI ¥ pH oA 13 /it
MEEAR pH I 12.5, &34 4 h (133 )5 pH 1EA19%
YeREAE 12~12.5 2], fHEbaTg, PRk vh
T REWFEY) T, FE5E ) NapSiOs — 7 [ vl #il i
BRGSO i, $emtk RAR e, S —JrdLdeK
TR R ISR I T 4 FR AR R 11 pH (EAE— Y [
W, AR TR R T
%2 SFEF ST ERMRIRS A8 o pH EAIT L

Table 2 pH change during the leaching process of gold
concentrates and calcines in alkaline thiourea solution

Condition 1% 2¢ 3" 47 5" 6"
Original pH 7.07 7.77 8.43 8.87 9.71 7.27
Leaching for 0.5 h 7.44 7.87 7.56 7.68 7.67 7.64
Leaching for 1 h 7.24 7.48 7.35 7.37 7.48 7.44
Leaching for 1.5 h 7.13 7.24 7.18 7.15 7.36 7.29
Leaching for 2 h 7.08 7.16 7.12 7.08 7.33 7.27
Adding 5 g/L Na,SiO; 11.98 12.24 12.24 12.31 12,32 11.28
Final pH after 4 h 10.57 11.73 11.67 11.74 1191 10.92

Note: Adjusting pH at 12.5 using NaOH.

3.5 FEITMETEKRPHIREWR
3.5.1 B MEHUIR AR IR G KL P

HFGEGN A S R NR g, LA 6k,
W T AFREE R TS LA BRI, 42800
* 3 K 3 .

R3 OCERVETRRERRTERFEERIREE
Table 3 Leaching rates of gold and coexisting elements of 6*
gold calcine leached in different leaching systems (%)

System Au Ag Cu Pb Zn Fe
Alkaline thiourea 78.82 - - 0.051  0.095 0.02
Acidic thiourea 89.65 21.08 36.29 2.10 54.75 6.19
Alkaline cyanide 92.83 23.04 20.16 — 1.82 —

100
i N
80 | \ Au
N B Ag
;\3 r Edgcu
~ 60 [T Pb
2 B 2n
= r Fe
£ 40+
<
[S} L
&
— 20 +
O " | | | T

Aklaline thiourea Acidic thiourea Alkaline cyanide
Leaching system
Kl 3 6" Gk b e AN Rl A i R rh e M AR IR 2R
Fig.3 Leaching rates of gold and coexisting elements of
6" gold calcine leached in different leaching systems

FH 2 S P mT B B S B IR A R pE AR L
TARH, BHEFL/NT 01%, BE&EHFEENE
PEVE; TR MR AR IR A R AT A R R 52 FAb A AR 4 T
R E, AR TRNR R RS, X
i R Al S AR TR A 28k, 58 S asEmR
JIRAS ZR TR A ) 3 e (i Al AR 0 2 . BHARS R L . ik
AT NS I T S e e A — oo,

EORTRE AR IR A4 5 o 42 (1038 HA 28 0 A7 R M DR
AR R e A, X CHERH T SCR[24]4k
TE PR G pH {20/ T 1,78, 75 W5 AN REV iR
(e, T FL, dn R T S b 4 S U 4 I I Bl Ak
W) I B 2R AR B B A rH [ 5 I 46 ), D0 K
e B R IR0 4. JLUR, G SR REXT AR IR A T
et ERIR D TR IANA ISR ERER], R m R
EVE, WIS S RCARE ST, AT EERE— D R R
[T SEE A ES
3.5.2 K IAEANRIE th A R o R4

hy 2 SRR B JOR A 28 X6 AN TR e 9 ()3 B A2
WL T M DA R AR R P IR A, 25 3R
4 FNE 4 B,

x4 SRV NBHERRREARPHREE
Table 4 The leaching rates of gold concentrates and calcines
in different leaching systems (%)
System 1* 2* 3 4* 5" 6"

Alkaline thiourea  38.93  38.79 4091 82.68 4276 78.82
Acidic thiourea 85.60 4310 8165 70,53 70.25 89.65
Alkaline cyanide 95.16 3756 90.25 98.34 53.68 92.83
BB Aklaline thiourea E=3 Acidic thiourea
100 - __ [ Alkaline cyanide T
T L .
< 80 -
e
T L
o 60
= L
&
B 40 |
) L
8§ 20H
0 | |

l# 2# 3# ‘ 4# 5# 6;

Six kinds of gold concentrates and calcines
Kl 4 SRS TR TEAN IR L A R b iR G

Fig.4 The leaching rates of gold concentrates and calcines
in different leaching systems

FH S P AT, B PR IR A R o 470 6711 R R A

S ik 82.68%H1 78.82%. T ZERM LR IRA4K & k1R
SN, TAERRPEG IR A R AT 7 R KR % )
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B, B, W ASE S TRPERIRE . 277F 3 Bk
AP IR R AR, L AT S n] 34T 4 iR
. SHEBRE G IRAA R P R R AU 40.91%,  TTiI7E R
PEGR IR AN AL R R PR A R W . 577 3 Bk &R
H R 4 R AN K .

4545 BT TC M (VA 2 4 B S AR 23 A vl s Ak
W R LY TR AR R, SRR T
BRARLAR: B GIRA R IE SR A T BAE =
B SiO, A",

4 %

(1) NagSO3 Fil NaSiOs Xl PE i iR 147 k2 (KA e
YEHI. NaSiOs X Bkt IR ) B € 41 HI Lt Na,SOq B4 2
Fo HIPER BT NagSiOs K% 0.3 mol/L I, Btk K]
Iyl 72.5%F 3] 33.8%. M HLF S H AR 3]
T A BB IR < RN S A 7R B R T

(2) BPEBRIR T TR, TR &
HiHik 82.68%, i FIRVEGRR, (KT S ALIIIARIR 6
X SRR T ROE AR IR e pH R 20N T
1.78, 15 MG ARER MK BT

() WA WAL SR EFAIRAKR, A
[ AR 3 AN TR R R AR S B R P 3t
AR, S AbE . Ll Sio, ok EMAE, BTN
PIRFEATCAAL. BRALH” P B ™ 5 T & A R
BRI

(4) PrigFEI i b B s AT KA o,
Wit pH fELH 12,5 RPBEE P, FE5E 7 NagSios 717K
O HAT AR, RELAERFR R pH EAE 12 iy, 7
AR I R AT

(5) RMERTIRAR R AL R E N T 0.1%, 2
S HARFERNE, MR IRE RS IR 2
HAbMEE S RT R 8, B A RAEEEE, i
RAHBE SR R AR T 2Rk
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Adaptability of Gold Leaching from Different Ores in Highly Stable Alkaline Thiourea Solutions
ZHENG Su, WANG Yun-yan, CHAI Li-yuan, ZHANG Xiao-fei
(College of Metallurgical Science and Engineering, Central South University, Changsha, Hunan 410083, China)

Abstract: In order to examine the flexibility of leaching different gold ores in alkaline thiourea system, six kinds of gold concentrates
and calcines with different physical and chemical properties were chosen as objects, their chemical components and phases were
analyzed, and the leaching behaviours were also investigated. The results indicated that stablizing reagents Na,SO; and Na,SiOs
decreased the decomposition rate of alkaline thiourea solution greatly. However the stable effect of Na,SiO; on alkaline thiourea was
obviously better than that of Na,SO; as well, and the decomposition rate of alkaline thiourea reduced from 72.5% to 33.8% with adding
0.3 mol/L Na,SiOs. KsFe(CN)g was the soft oxidizing reagent being suitable for alkaline thiourea system. The phases of gold ores were
almost not changed before and after leaching in alkaline thiourea solution. There exist a large number of substances consuming alkali in
the gold ores. During the leaching process, pH of the system dropped from 12.5 to 7.0 quickly, while the stablizing reagent Na,SiO;
could maintain pH of the system at about 12, which was propitious to the leaching process. The leaching rates of the coexisting metals in
gold ores were less than 0.1% in alkaline thiourea system, which indicated that gold leaching in alkaline thiourea retained excellent
selectivity. The alkaline thiourea system was suitable for leaching the pretreated oxidized gold ores in which the main phase was SiO,.
The gold leaching rate reaching up to 82.68% suggests promising potential in commercial gold leaching processes.

Key words: alkaline thiourea; gold sulphide concentrate; gold calcine; gold leaching rate



